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1 

im^m 3 ] U TSCDJtfiiili 2 0 At Q • cm 

~1 0 OmQ • cmT»SCl<t:^1#atr-SS!*5ll S 

•r-5»*JS 5 * 'J . 

[0 0 0 1] 
[0 0 0 2] 

^{*:»^a)^amttSr|iJffl ;* ^ 'J «. fiiS 

»«*®tflffl^»»;<qE'J®te, *«MA-h* (RF- 
ID. TAG) ;^i*'vK){t;fflfcW^5tlTti-5. ^^f6 
tt^tUtbTtt. MFM (^]S-!^gimi*-^]S) « 

N. OFFS!lSil-r-5fe©T*.5. MFM«jg®^ 

jsms (M) (7>ft47 0ic^si$iift:Ko!)€«7&t^u^n 

[0 0 0 3] MFM«fflro!^S|««:>tUtt. T^A'fX 



2 

rofc*. sii-y--r i'^u^^-f AS'UL. DRAMag^^roiij 

[0 0 0 4] (SslSCDFRAMH. m2\,Z7f^-t^O 

1) (Cu) <DJ;-5/j:ie«!«*4{rit-<T4~ 1 0 0 

0 * i Ttty ^7 -t X ^ -r A -ti-^ d i ttiUJSl^ pj 

[0 0 0 5] T^'-tXiS'-l-ASr^SgibL. ^^WiSiairt 
*il«6-5ica. DRAMi:|^UJ:5JC. ^ U- hiS«-=t^ 

01 lc^TJ;^fj:COP (Capacitor on Plug) ^ig^i 

/'«v'^i:>±9J{C}^fi£$nTti-5)CD-C. T;P5r:C;A (A 
1) (Cu) «)J:3;^fifi*iE«T»if^-C^S^A 

\Z, i!if^«)ECD— SE$:*e*^Ui6M?^LTfc<. tl^o 

[0 0 0 6] 

[f!?g*5eP^bJ;pi:-r-5^g] COP^jSro^'^i^itt 
ibTtS. (S i) T'^i^ckO t)<B;«ti«:$'> 

i^;^5r> (w) :/^y56t*a<i:#>te.n^). L*^b. 9 

[0 0 0 7] CK)raj@€:Iolig-r-&fc«e>JC. mStJ^sfiS 

Nx«. ftfi®5^A-i':^Tt>ma«*4i:bTfflc»e)n-5« 

^«:T*-2>7!)^. 5 0 0t:£ATa)Ksg4'll*ffiS-Cfc(S^iC 

KitbTbSotii^ras****. 

[0 0 0 8] ^E-CT. ±^raS-^lcS*, y 

[0 0 0 9] 
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3 

<DmiZ^^ntzmnMWti)^^f^^MFU (Metal-Ferr 
oelectric-Metal) m&CD^mmt^^^^ /^iyi^ ^=7 

[0 0 10] m'c^^it-o\\L^\t,. m'cm:LVc^'ZYc^ 

SiC (lOOMQ'cm) . ZrC (40/zQ-c 
m) . WC (20-'50/iQ-cm) , W2C (80u 
Q-cm).HfC(110MQ-cm).TaC(4 lO 
OuQ-cm) $:fflli^:i<i:7!>^*T^^o ^^ItmiiLT 

ZrB2 (20/zQ-cm) . HfB2 (IOmQ 
•cm) . TaB2 (4 0 uQ * cm) , NbB2 (3 
OuQ-cm) . LaBe OOmQ-citi) . W2 B 

[0 0 1 1] y^^(Df|ft^5i^<h; /\'»JTecDl^!^?i^ 
[0 0 12] y^^li, ^ci.hA«3^>^^X5^>y^^T 

lio 30 

[0 0 13] z<Djt:3f^/'^^jTm\t. mt. mjLt^^n 
iz<<. yy^^u-zysymzhzjy^^ hm,in^^± 

[0 0 14] ^mm(D^<om<D^m^^m±^\:i. mm 

[0 0 15] 

mizmmr^o 

[0 0 16] <mi^mmm>mi^t. :^mm(Dmim 
mmmizw.^^mmi^:^'Eo i o ocosTft-So 40 

10 0(1. y^^i3^> y^^i 3±:^(rff^^$n;^ 

+ i'/^>'5^J <hT^)3 0ch. 1 3±C7)MFM^ 

i'/V>i5^3 0<i:<D»gglStCjgfiJ$nfcA'UTHl 2 5:^ 
tfo MFM^-\'/^'>i57 3 on. ±gBm«i3 3<h. TSEm 
S3 1 ±SBma3 3:teci;Lf^TgBma3 lOPeltlS^* 
n;t^ISa«:3 2<»:7!)^€>^^« A*UT^12«. j^ftfl* 

^*fc^l7^:»:>^t#^a^^^Tl^^o ;><^u i o ojis 

fz. f—V2 2. y-Xi5j:D^KU-r >2 3 a. 23b 
^Jj^^fiK'S H^>>^X^$^<h, h^l O^r^tio S 1 CO 50 



4 

C»IT«. MFM+-V'Avi5^3 0(i, t: 1 0 COTy^ 

iCfag-r-So MFM^^-^/li/^^'S 0(DTg|5^ffi3 111. 
5^>i^;^5^> (W) coy^^l 3>^^LT. y-x/K 

H> TgBmffi3i;i. fctA«KU-f >2 3 birjgj^^ 

nxi^^c v-x • Ku-r>ofa:* (0i-rfi2 3a) 

{1, t'^^' h^l OfrS^^nxl^^o MFM^-^'/tS^^' 
3 Ochb'^y h^l 0(htl. 0lc^¥ffiHT^^$nTt^ 

[0 0 1 7] *^^(7D^IS®{^yqEU(^**gS<hLT. y 
^^:/l 3<hMFM^r/1>-^3 0cOTgP®ffi3 1 chCDF^I 

2$rWt-^, AUTgl2«. ^ 1 ^J£JgSgT{lW2 B 
I^T^^o MFM^^i-Z^S/^ 3 OcDTgB^S<i:}^^$n 
^y^i^l 3cD±gg^. *:^7fb^$/^{lj^Yt#|C7)/N*'JT 

jFfJC-C#;S:(.ii:. TSS«a<!:(^Si^. ^S^^Wlzft-^ 

[0 0 18] ^l^i6J^|gO/\*UTSl 2(1. «^Sin: 
Kfb. iS7C>&^$n(C< l>W2BT?^J5K$nTli 
W2B<7)it:etn:H5 OxiQ • c mfiSchffiV, 

8 0 ot:^T(l(t<i:^^:K^l:7&^*^6nr^^T^ 
W2B<^).^K5i^{i^>yx^><7)|gij^5i^ 

^:ifi< (i:t)tC4-'5 X 1 0-6/K) . RTA (Rapi 
dThermal Anneal) ja^lcDct -9;^^— h ->3 >y ^ (c^L 
TiiJ;J^^*n75^^*^i;7S:l^o "^fz. n^}Tm \ 2\ZCo. C 
r. Ta. Zr. H f ^f^^SJta-TS d chtClct^T, l» 

\z^^. m:0^nm^t'^^^\z^±.'^^. 

[0 0 19] 01C7)3SflSmf*:>t^U 1 0 O^JKBET^Jr 
(1> ^T. >'J3>Sffi2 0(Ci>U=l>g^{klR;5^^j5jc-5 

■r^o cn(CJ:0^*— K2 2. V— X^DctOCKU-r >2 
3 a. 2 3 bT^^bJSE^ h^>>^X^^^^o ClODJ:^?^: 
h ^ > V X 5^ <Dfl^J5E(lS»IO:&ffiT ct V^o 

[0 0 2 0] ^*:(r. :7vi- huyir^:7>r*5ct:rxx.y^> 

^ytCctO. Kl/-f >2 3 blC^-r-S/N'-f T • JP^J^ 

^«L. ^>yX5^>^3tJ^LT. ^^^13^?^^^^ 
y^^^l 3<7)±®lC:l^n><&^:t>y^>7^'-"S^3 

>-eaAL. W2BAUTB1 2S:*!ji 0 0 0 A<Dai$ 

[0 0 2 1] AUT^ 1 343ctl^y^i^l 4(0. 

tC. T i N (mt^^» SI 2 cS*5 5 0 0 A(D;P$ 
lCX/t^y5'U>^JgfiKL (03#5g) , 8 0 0t:OT> 
'E-T:»7.^X-m^MmLrZo T i NJ^ 12c *l$tt^ 
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5 

zitizjzo. ^^^/^z^i^3 0(Dmm^^p f^^mm^ 

[0 0 2 2] C®T i N^l 2 c ±IC, P t (S^) m 
(3ctOSrBi2 (Ta. N b) 2 O 1 2 0 0 A 

Lfzo ZtliE><Dmm (TiNHl2c, TSem^^S 10 

1, w^m#^m3 2. ±mmmm3 3) s:. rie (s 

[0 0 2 3] ^^r/lv-^S 0;tecfcD^HrBl*6&® 1 5SrS 
oTePBlJfeRBl 6^?^*JEL. V— X 2 3 a tSlSf -5 

^^rU 1 0 O^^JBSLT^cfCo J:ffiTSP«ffi3 1 CD?^|£ 

era^sei 5icfl!a^j^j«u> pt (e^^) 

a® 3 lco^ffi^¥fi<kL>^c^(C. ^^mf*^3 2;fecfc 

rj«^JiiK«ffi 3 3 ^Jts-r-s. 

[0 0 2 4] CCDJ:^7^^ISm{*^^U 10 05^. ^> 

^i-zsi^^^ 3 o(OTa«S3 1 <h<7)ra<D«6Stt?!)tfte{c 

gt^ajL/i;i/:>^ 8 0nsec> S^ii^/i;p>;^ i 2 Onsec 
[0 0 2 5] ^^Um^J^fiK^, E^l-^MFM 

[0 0 2 6] tS:^. Sl*ifiJ^!i©^SS<t^^U<D^ 40 

fiEXgT. .^®S^ffl^^N2(hL/cJg^{C. ^^USb 

iSjS^^rS 0 Or^Tr^tf-Sx!:, 3 h:^:^ y h7&^ 

ziti\t. 8 0 ot:^eA^&fc03&^€>. W2 

[0 0 2 7] ^;ZX\ aSJC^f ct^JC, WaB/tUT 
^12aC0±Jl. $^^rI^/I^02«S 1 2 b^^frffi^-tt 
fzo c:cD^^/W2BAUT^l 2 a. Ir/Ir02«^l 
2 b. ^^TIT i NBl 2 cT, A'UTgl 2 S:«|j«-r 50 



6 

Ir/Ir02®S 1 2 b$::fh«$1t'2)C:i(CJ:0, O2 
[0 0 2 8] *:||j!S?^^OW2BA'iJ-^® 1 2 tcft^ 

T. ^ft::^>i^X7^> (;t<hA(iwc) <;)A'Uir®^ffl 
(.^Ttjcti^o wccDKfbitffStl, K^^ffiTT. 7 0 
OX:x Ih rCD^n^XO. 1 6 5Kg/m2gg^TS) 
0, 1 0 0 Orx 2 h r il^-p^ft'C^O. 3 7 6Kg 

20 TJi, g!^ffiaiC:fel^T5 0 orii^TKit^n 

[0 0 2 9] Sfc. l»IKffi*tC-3l^Tt>. ^'>i5^X7^> 
0^^3i¥:6M — 5 X 1 0-6/KtCitL, j^fb5^>^ 
X5='>WC(D.^IK3i^:^M-'7 X 1 0-6/K<hjfil^M 

[0 0 3 0] <m2|gJ6?^^>0 2(i. :^mM(Dm2m 

MmmAz^^^mnmt^y^^u 2 0 o(Dmx$>^o m2m 

mzm^i.. A'UT^i2^. ^y^Ts^y-y^^i 3 
^(ommm^^^. ymmmi 2<Djs.m±mzt:)tz'ox 

^m^K X/%y^V>^\Zj:Kim^^l 0 0 0A(DW2 

B&jtfflcDT i Nm^m&i.. T^mm3 i <Drc6b(DP t 

m. ^mn^ms 2(Dti^(DS r B i 2 (Xa. Nb) 

209^. i6^is±Lmmm3 3<Dtii^(DP tm^m'Am 

^KT^o W2B/K'J7@1 2<5:T i NJIcdPbKc. Ir/IrO 

[0 0 3 1] C:cD^^m{*;?^^U 2 0 0 t). ^y^Ts'r 
>y^^l 3<!::MFM4^i'Ai^5^3 0<33TgBmffi3 1 <b 
oy^\Z. iaiS3i^;&^^>^X5^><»:i50iW2BAUTg 

[0 0 3 2] 01:feci;UC02{C:^-rMFM+'\-A>'5^3 
Otl, ±S5ma3 3;feJ:tX^|g«f?^Ji3 2;5>^. TSRilffi 

3 1 t.n^^\zm^^tvz\^^^. L^^L. ±gpmffi3 3 

(h^^m^^S3 2tC-^V^Tfl, Bfl^f >5-fe;UZU-r <h^^ 
tf^^i^o Z.(n^oU^m\zn^'t^\Z\X. nMM&(r> 
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fHmJKDfiti^l^fb^i^S r B i 2 (Ta. Nb)20 

[0 0 3 3] *f!iq<7)!iSI««:;<^:UCO^^««:«5|£fi: 
UT. PZT (Pb (Zr. Ti)003)< PLZT((Pb. La) (Zr. Ti)0 lo 
3)> PLT((Pb, La)Ti03)^ti*:»&ife-5. Lj5^L, »i (P 
b) €:^tr^SI««:«53«±©ra)edS$)0. T^A-fXj! 

2mmmmT'mmLrz\^x-77. (bi) ^-&wrsM4* 

fb^fSSrBia (Ta, Nb)209tCft^, B i Sr 

^^L^atiS^Sft^i^roS r 2 (Ta, Nb)207Sr 

[0 0 3 4] -yj, mm^mizm lt«> p t . i r <d 

ro*^^^ — >-7!»s@«T# i 5 ipL« €r -5. 
[0 0 3 5] A'JTg 1 2 iLTti, W2BKlCf^A. 
SiC. ZrC, WC. W2C. HfC. Ta C^Ct'tD 
^ffci^K. feSl^ti. ZrB2. HfB2. TaB2. 
NbB2. L aB6fiii(Dyi^'yit<mm^m^'^^Ciit)i-V 

cin^n. li-rnfc Jt®in:*i2 0 M Q • cm~ 1 

0 0 mQ • cmi, ^^i'{C<g;tiri>i5'i^ hgJii^Wr 30 
$^tc, yfBx-j^mm-^tL^ii^'tPit'^izit. WB. 

WB2, W2B5. WB 12. Wi 0 S i 3B 3i&<i:*^ 

::tiiE>(DWtit(ommiz\tmf>imo. mmn^oit^* 
[@i] 




23a 22 23b 



8 

•T&-5W2B-^wBa)Kft:Sj£;ti8 0 ortAi. iij^:^ 
':7{t#iW2B5WKftSJ£:iil 2 0 O'CJWiT^-S. 
[0 0 3 6] 

[0 0 3 7] mtz. *^?q<DA*'jy^{i. ^(Dmmmm 
fiizf^yifttno^mmmmtzm'^ftiit). mmmnm-nhzf 

^ifizMFM=¥^/'^'>^ (DTUmm t <r> \z til^in*^*^ 
[®S©ffiWj:itt?g] 

[0 1 ] :^mm<Dm 1 «lSJ^^{C*^*^-5^««{*:;<^ g 

[0 2] ^f^m<Dm2mmmmzi)^ii^^^mmi¥:3n^'j 
im3] mnz^-r-^7iftMFM^^/-^'>^<DT^M 

[04] fie*co^SI«flt;>t^rU«>Wrffi0t?*S. 
[?SF^OTIK?q] 

1 0 fyh^ 

12 AMJ7J1 

13 y^y ^■ 

15.16 

2 0 *« 

2 1 •7^-}\^\imitm 
2 2 y- h 

2 3 y— 7. • K i^-f > 

3 0 MFM=^-V/'?>'^' 
3 1 TgB«ti 

3 2 ^^mi^s 
3 3 ±mmm 

[02] 




23a 22 23b 
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